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Abstract 
In order to study the safe distance for human beings in the applications of water jet, this paper studied effects of water jets im-
pacting on the surfaces of pigskins. Cutting experiments with water jet and abrasive water jet were carried out by using pigskins 
instead of human’s skins. The experimental results showed that the most dangerous standoff distance is 35~46cm or less and the 
safe distance is over 115cm for a single water jet; the most dangerous standoff distance is within 62cm and the safe distance is 
over 154cm for a single abrasive water jet; the most dangerous standoff distance is 5~9cm with the collision angle of 60°, while it 
is 8~15cm with the collision angle of 30°, and the safe distance is over 51cm for two collided abrasive water jets. 
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1. Introduction 
Recently water jet has been used in more and more situations, including fire fighting and rescue works. 
Especially, in case of rescue works, it is important to know the “safe distance” from a nozzle (or “danger zone” 
around a nozzle). In order to make criterion in judging the safe distance for water jet cutters, experiments were 
carried out to study the damages on pigskins resulting from impacting with abrasive water jet and pure water jet.  
Damages on the surfaces of pigskins were studied in a standoff distance up to 150cm. The safe distance was also 
studied under the condition of collision jets, that is, 2 jets collided with each other. The experimental results in this 
paper will be very useful for assessment of safe distance of water jet rescue system and its improvement. 
2. Experimental device and method 
Table 1 shows the basic parameters of the water jet cutter used in this study. Olivine sand was used as abrasive. 
The nozzle was made of tungsten carbide with an inner diameter of 0.55mm. The flow rate was 5L/min.  
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Table 1. Basic parameters of the water jet cutter 
 
Parameters Value 
Length of hose 50m 
Inner diameter of nozzle 0.55mm 
Power (Diesel engine) 7kW 
Working pressure 60MPa 
Flow rate 5L/min 
Abrasive Olivine sand 
 
Taking 100g of olivine sand as a sample, the size distribution is shown in Fig. 1. It is found that the size of abra-
sive particles between 125~250µm is more than 80%. 
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Fig. 1. Size distribution of olivine sand 
 
 
Fig. 2. Outline of the experimental apparatus 
Fig. 2 shows the outline of the experimental apparatus. The nozzle is installed on an X-Y stage which could adjust 
the moving speed and position of the nozzle both horizontally and vertically.  
A rectangular pigskin is prepared as the target material, of which the thickness is 4~5mm, width is 25~30cm, and 
length is 60~100cm. Since the back muscle of the skin will have influence on the cutting result, the longitude direc-
tion of the pigskin is parallel to its back muscle.  
In order not to hold up the water jet during impacting, two layers of metal nets are put under the pig skin. They 
are fixed on a wood board. 
Accidents are often caused by water jet impacting on human bodies. For example, people near the operation area 
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may be injured when the operator of handgun loses his balance. Generally, this kind of impacting will not last for 
long. Therefore, we took relatively slow moving speeds as standard in our experiments. Both the moving speeds in 
horizontal and vertical directions are 600mm/min. The standoff distance, SD for short, is the distance between edges 
of the slurry jet nozzle and the surface of pigskin. Without specially specified, the angle of abrasive water jet im-
pacting on the pigskin is 90 degree. Experiments were carried out twice under the same conditions.  
In our experiments, we also applied two jets colliding with each other. Fig.3 gives the relative positions of the two 
nozzles. Under the condition of working pressure 60MPa and nozzle diameter 0.5mm, a pure water jet collided with 
an abrasive water jet with an angle of 30 degree and 60 degree.  
As shown in Fig.3, the plane formed by the two nozzles and their collision point is vertical to the moving direc-
tion. 
 
 
     
 
 
Fig. 3. Relative positions of the 2 nozzles 
 
It has been measured[1] that pigskin could bear a tensile stress as big as 10~30N/mm2, and a tension as big as 
100~500N. As comparison, human’s skin could bear only 10N/mm2 of tensile stress. 
3. Safe distance for single water jet 
Pigskins were impact by pure water jet, whose results are shown in Fig.4. Three pieces of pigskins were used. 
Each piece was impact for 2 times with the impacting standoff distance gradually increased from 1cm to 150cm. 
It can be found that different impacting marks are left on the skin surfaces under different standoff distances. 
When the standoff distance was 35~46cm or less, the skin was completely cut through. Although it was not cut 
through when the standoff distance was 78~115cm, there was still clear marks left on the skin surface. It can be 
clearly seen from Fig.4 that the impacting marks become lighter and lighter with the increasing of the standoff dis-
tance. 
4. Safe distance for abrasive water jet 
Fig. 5 and Table 2 give the experimental results for a single abrasive water jet impacting on pigskins. With the 
movement of the X-Y stage, the impacting distance varied from the starting standoff distance to the ending standoff 
distance. At the same time, the nozzle was moving horizontally.  
Under the above experimental conditions, the pigskins were not cut through when the standoff distance was long-
er than 62cm. However, the longest dangerous standoff distance can be as long as 154cm. Within the dangerous 
standoff distance, indentation could be found and abrasive particles were embedded into the skin surface. 
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(a) SD= (1~71) cm                                        (b) SD= (50~120) cm 
 
(c) SD= (90~150) cm 
Fig. 4. Safe distance for single water jet 
 
 
       
(a) SD= (50~110) cm                                    (b) SD= (110~175) cm 
Fig. 5. Safe distance for abrasive water jet 
 
Table 2. Experimental results for abrasive water jet 
SSD (cm) ESD (cm)  VMS (mm/min) HMS (mm/min) NCTSD (cm)  LDSD (cm)  
50 175 600 600 62 147-61 
125 181 300 600 125 146-147 
100 185 300 300 100 144-146 
100 186 900 900 100 133 
180 75 -600 600 75 132-154 
Note: SSD --- Starting standoff distance; 
ESD --- Ending standoff distance; 
VMS --- Vertical moving speed; negative value means that the nozzle moves towards the pigskin; 
HMS --- Horizontal moving speed; 
NCTSD --- Not cutting through standoff distance; 
LDSD --- Longest dangerous standoff distance 
5. Safe distance for two collided jets 
Table 3 gives the experimental results for two collided abrasive water jets impacting on pigskins.  
Figs. 6 and 7 are pictures of the experimental results. The collision angle in Fig. 6 is 60°, while it is 30° in Fig. 7. 
The pigskin was cut through in the standoff distance of 5~9cm when the collision angle was 60°. From this section 
to the standoff distance of 32cm, abrasive particles were embedded into the skin surface. While in the case of colli-
sion angle 30°, the pigskin was cut through in the standoff distance of 8~15cm; and abrasive particles were embed-
ded into the skin surface in the standoff distance of 30~51cm. 
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Table 3. Experimental results for collided jet 
SSD (cm) ESD (cm) VMS (mm/min) HMS (mm/min) Angle (°) NCTSD (cm) LDSD (cm) 
1 70 600 600 60 5-9 31-32 
1 71 600 600 30 8-15 30-51 
 
 
 
Fig. 6. Safe distance of collided abrasive water jets (Start SD 1cm, collision angle 60°) 
 
 
Fig. 7. Safe distance of collided abrasive water jets (Start SD 1cm, collision angle 30°) 
6. Conclusions 
In order to study the safe distance for human beings in application of water jets, pig skins were used instead of 
human’s skins in our experiments. Under our experimental conditions, the following conclusions are got: 
1) For a single water jet, the most dangerous standoff distance is 35~46cm or less. The safe distance is over 
115cm. 
2) For a single abrasive water jet, the most dangerous standoff distance is within 62cm. The safe distance is over 
154cm. 
3) For two collided abrasive water jets, the most dangerous standoff distance is 5~9cm with the collision angle of 
60°, while it is 8~15cm with the collision angle of 30°. The safe distance is over 51cm. 
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